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A carillarv  extrusion  rheometer  was  developed  and  tested  usin}; 
Newtonian  oils  of  known  viscosity  and  seven  endodontic  sealers. 

The  described  apparatus  and  technique  appears  appropriate  for  com- 
parative assessment  of  the  rheolopical  characteristics  of  a variety 
of  fluid  dental  materials. 


EXTRUSION  Rll^•:0^n^'UY  OI-  I'lAUD  MATERIALS 


Hk'  ability  of  f luid-substaiices  to  conform  to  the  slianes  of 
substrate  surfaces  or  to  cain  entrance  to  minute  spaces  is  governed 
largely  by  rheological  phenomena.  An  understanding  of  rheological 
behavior  in  general,  and  of  flow  properties  in  particular,  is 
essential  to  the  rational  selection  and  clinical  aiiplication  of 
certain  dental  materials.  Unfortunately,  the  expense  of  complex 
testing  machines  (rheometersl  and  the  inherent  inadetiuacies  of 
available  instrumentation  of  simpler  design  have  discouraged  the 
pursuit  of  research  in  this  field. 

In  the  present  work,  comparative  assessment  of  the  rheological 
beh.avior  of  fluid-materials  was  made  through  the  use  of  a recently 
developed  extrusion  rheometer. 

Materials  and  Methods 

llic  test  instrument  exhibited  design  features  that  allowed 
(1)  use  of  amounts  of  materials  cewnmensurate  with  those  employed  in 
clinical  practice,  (2)  monitoring  of  changes  in  viscosity  with  time, 
{.>)  definition  of  the  shear  rate  dependence  of  viscosity  (I)  control 
of  temperature  and  (.S')  use  of  auxiliary  equipment  common  to  material 
testing  laboratories. 

The  instrument's  water  jacket,  base  and  reservoir  housing  were 
machined  from  brass.  A diagram  depicting  the  relationship  of  these 
components  to  one  another  is  shown  in  figure  1. 


rhi*  vator  iackot  was  9.5  cn  in  hoijiht  with  internal  diameters 
of  J.5  cm  and  0.b3  cm  tliat  accoimtiodated  the  reservoir  honsin_^  and 
capillary,  respectively.  Three  rods  (dia  1 cm)  were  attached  to 
the  top  ai\d  bottom  plates  of  the  vater  Jacket  to  provide  additional 
support  durink*  the  extrusion  process.  The  water  jacket  was  attached 
to  a hollow  base  7.5  cm  in  diameter.  An  opening,  in  the  base  permitted 
observat ion  of  the  extrudate  during  the  experimental  trials. 


The  reservoir  housing  was  a 4-cm  sei;mcnt  of  0.8-cm  inside  di- 
ameter brass  tubin>;.  One  end  of  the  housin'’,  was  fitted  with  a lock- 
nut and  internal  "0"  riiu;s  to  provide  a positive  seal  for  attachment 
o‘’  the  c.ipillary.  The  loadbeariiu;  surface  of  the  housinj;  was  radiused 
and  matched  to  the  top  plate  of  the  water  jacket  to  allow  self  alij’.n- 
ment  i>f  the  housink>  durinjj  the  period  of  K>ad  application. 


The  reservoir  (lU  3.9  mmj  and  plunder  (.dia  4.0  mm)  were  obtained 

* 

by  modification  of  a convent  iiuia I 0.5  cc  v;lass  hypodermic  syrin);e. 

A 3.2-cm  seijnent  was  removed  from  the  center  portion  of  the  svrini^e 
barrel  and  stabilized  in  the  reservoir  housing  with  an  autopolsnneri- 
zing  resin.* 

Hlunt-end  hypodemic  needles  (10  0.52  mm  and  length  55  mm) 


* "I’erfectum"  Tuberculin  Syringe  1/2  cc,  Popper  and  .Sons,  Inc., 

New  Hyde  Park.  NY  11040. 

♦ Kadon,  1..  D.  Caulk  Co.,  Milford,  OP.  19963. 

f "Perfectiui"  Bio  Medical  Needles,  21  Cauge,  Popper  and  Sons,  Inc., 


New  Hyde  Park.  NY  11040. 


were  used  as  disposable  capillaries.  A new  capillary  was  used  for 


each  test-nin. 


Test  materials  included  three  Newtonian  fluids  of  known  viscosity' 
and  seven  endodontic  sealers.^ 


The  endodontic  sealers  were  manipulated  in  accordance  with  their 
respective  manufacturer's  instructions  to  yield  volumes  of  about  one 
cubic  centimeter.  Fol lowing  placement  of  a material  into  the  reser- 
voir, the  plunvier  was  depressed  by  application  of  thumb  pressure 
until  discharjie  of  the  extrudate  from  the  distal  orifice  of  the  capil- 
lary was  observed.  The  filled  reservior  and  capillary  were  placed 

within  the  water  jacket.  Ilien  the  entire  assembly  was  positioned 

* * 

on  a constant  strain-rate  testing,  machine  to  allow  loading  of  the 
plunger  in  an  .axial  direction. 


§ Viscosity  .‘standards,  .>0,100  cp;  57,000  cp;  and  100,000  cp 
Brookfield  I'.ngineer ing  Corp.  , Stoughton,  MA  02074. 
f Materials  A,  B and  C,  Roth  Cements,  typos  <>01,  801  and  811, 
respectively,  Roth  Orug  Co..  Chicago,  II.  60(>10;  material  0, 
niaket.  Premier  Pental  Products  Co.,  Norristown,  PA  10401; 
material  E,  Tubli-Seal,  and  material  E,  Kerr  Pulp  Canal  Sealer. 

Kerr  Sybron  Corp.,  Romulus,  MI  48174;  material  C,  Proco-Sol,  Proco-Sol 
Chemical  Co.,  West  Conshohocken , PA  10428 
**  Instron  Universal  Testing  Machine,  Instron  Corp.,  Canton,  MA  02021. 
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The  test  substances  were  extruded  through  capillaries  at  cross-  1 

head  speeds  of  0.02,  0.05,  0.10,  0.20  and  0.50  inch  per  minute.  1 

Five  trials  were  made  with  each  material  at  each  crosshead  speed.  | 

The  load  required  for  extrusion  was  measured  as  a function  of  time.  ] 

' J 

Extrusion  of  the  endodontic  sealers  was  begun  one  and  one-half 
minutes  following  the  end  of  mixing.  Initial  force  values  were 
recorded  30  seconds  later. 

Tests  using  fluids  of  known  viscosity  were  accomplished  at 
25-lC,  whereas  those  using  endodontic  sealers  were  made  at  37ilC. 


!l 


The  load-time  data  were  transformed  into  the  rheological  quantities 
of  shear  stress  (t)  and  shear  rate  (y)  by  substitution  of  load  values, 
crosshead  speeds  and  measured  dimensions  of  the  plunger  and  capillary 
into  appropriate  equations  for  the  mechanics  of  flow  in  capillaries.^ 
Viscosities  were  calculated  from  a version  of  the  Hagen-Poiscuille 
equation.  Classification  of  the  rheological  behavior  of  the  specimens 
was  accomplished  by  application  of  a power  law  equation:  t-K(y)''  where 
T is  the  shear  stress  at  the  capillary  wall,  y the  shear  rate,  and  K 
and  n are  constants.  Calculated  values  of  n = 1;  n<l  or  n>l  permitted 
classification  of  the  test  material  as  Newtonian,  pseudoplastic  or 
dilatant,  respectively. 


Results 

The  selected  crosshead  speeds  produced  shear  rates  ranging  from 
8 to  205  reciprocal  seconds  (sec  ^). 


Data  obtained  on  extrusion  of  materials  of  known  viscosity 
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v’iolviovl  vahu'S  of  3lS*oO  poiso,  Sh'io-I  poiso  ;uk1  poiso  for 

tho  ol' 1 , 3"0  .ii\vl  1 ,0('0  poiso  st  aiul.irvls  , rospoot  ivo  ly . Solution  of  tho 
innvor  law  oquation  by  re,i;rossion  analysis  of  plots  of  loj;  slioar  stross 
versus  loy;  shear  rate  for  the  low,  iiiiilvlle  .mil  hi);h  viseosity  staiularils 
;;ave  res]'eetive  "n"  values  of  l.lH',  0.‘).S  .iml 

The  effect  of  time  oi\  tl>e  viseosit\'  of  the  eniloilontie  sealers 
is  illustratoil  in  I'iiture  2.  Six  materials  exhibitoil  inereased  vis- 
eosity with  time.  One  sealer,  material  0,  ilemonst rat ed  no  change  in 
viscositN’  over  tlu'  l.'i-minute  I'eriod  of  measuremeiU . Initial  \ is- 
cosities  .it  a shear  rate  of  Jl  sec  ^ ranged  from  .SS  poise  for 
material  B to  -I, .^00  poise  for  material  P. 

Shear- rate  dependence  of  the  viscosity  of  the  endodontic  sealers 
is  shown  in  figure  .t.  Viscosity  at  a shear  rate  of  JO.s  sec"'  ranged 
from  .>7  percent  (material  A)  to  bO  percent  (material  B and  C)  less 
than  that  observed  at  .S  sec'*,  t'alcul.ited  "n"  values  ranged  from 
0.04  (material  f1  to  O.SO  (material  Ai . 

Piscuss ion 

Several  factors  In'cicket  the  range  of  viscosity  over  which 
satisfactory  employment  of  the  extrusion  rheometer  could  be  antici- 
pated. Inherent  sensitivity  of  the  load  measuring  device  and  the 
magnitude  of  the  frictional  force  developed  within  the  evacuated 
reservoir  impose  a minimum  measurable  limit.  On  the  other  hand, 
strength  and  rigidity  of  the  test  assembly  as  well  as  relaxation  of 
the  rheiMiieter- load  delivery  cvniple  delineate  the  maximum  limit  of 


measurable  viscositv. 
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Ol'sorvod  visoositii's  ot'  tho  thrco  Newtonian  standards  oxhihit 
variations  that  are  compatible  with  measured  discrepancies  (0.02  mm) 
in  the  di.uneters  of  the  canillarics.  Additionally,  it  is  reco.nniied 
that  si'vme  ranvlom  errors  associated  with  the  reported  data  are 
manifestations  of  leakaije  of  material  past  the  plunj;er.  enrranment 
of  air  bubbles  in  the  test  fluid,  intermolecular  friction,  fluid  com 
pressibility  and  capillary  end-effects. 

The  described  procedure  appears  to  be  suitable  for  comparative 
assessment  of  the  rheolor.ical  properties  of  endodontic  sealers. 


IVrived  ”n”  values  indicate  that  the  sealers  are  pseuilophist  ic  aiul 
that  their  viscosity  decreases  with  increasins  rate  of  shear.  Results 
obtained  by  the  extrusion  method  a.vjree  with  those  obtained  bv  other 
v isc(.xnetric  techninues.  * 


Cone lus ions 

Comparative  assessment  of  the  flow  properties  of  selected  fluid 
materials  was  m.ade  by  a capillary  extrusion  technique.  The  Newtonian 
character  of  oils  of  known  viscosity  and  the  pseudoplastic  behavior 
of  endodontic  sealers  was  demonstrated. 
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U'kionds  for  Fisuros 


Fi^nro  1.  Capillary  o.xrnjsion  rhoomctor. 

Fijiure  Viscosity  of  oiuloilontic  sealers  as  a function  of  time 
at  a shear  rate  of  21  reciprocal  secoiuls. 

Fiijure  o.  Viscosity  of  endodontic  sealers  as  a function  of  shear 
rate  two  minutes  after  the  end  of  mixinj;. 
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